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Abstract. The research in the period 2010-2011, within the Ezareni Farm from Iasi, were focused on 
the influence of inoculation, fertilization and harvesting growth stage on the leaf/shoot ratio and dry 
matter (DM) yield, at alfalfa (medicago sativa L.) in the second year after sowing at the first harvest. 
The results indicated that the interaction between inoculation, fertilization and harvesting growth stage 
determined increases of yield in the range of 23-110%. The control plot where fertilization was not 
applied, without inoculation, which was harvested at early bud registered the lowest yield, 3.21 t/ha 
D.M., and the biggest yield (6.72 t/ha) was registered at the plot with inoculation, fertilized with 
N75P50, harvested at 10% blooming. The leaves/shoots ratio registered differences in the range of +11% 
to -42%, accordingly to the interaction between the inoculation, fertilization and harvesting growth 
stage. The highest leaves/shoots ratio, 0.64% was observed at the plot with inoculation, unfertilized, 
harvested late bloom, and the lowest leaves/shoots ratio (0.33) was observed at the plot without 
inoculation, fertilized with N75P50 harvested at full bloom. 
 
Keywords: alfalfa, inoculation, fertilization, harvesting growth stage, forage yield 
 
INTRODUCTION 
 
 Alfalfa (Medicago sativa L.) is one of the most valuable forage crops. Aside its 
remarkable economic value as a forage resource, alfalfa has numerous other utilizations as a 
nutritive supplement in human nutrition, production of biofuels, polliniferous plant and a very 
good soil improvement plant. (Rotar I. et al., 1993; Scupham J.A. et al., 1996; Schitea Maria 
and Varga P., 2007).  
 The productivity and quality of alfalfa is related to a series of factors, among which, 
pedoclimatic conditions, genetic potential of the cultivar and the cropping technology, seed 
inoculation, fertilization and plant growth stage at harvest. In the agricultural practice the 
relation quantity-quality is less considered by common farmers which lead to a 
inconsideration of optimal harvesting stage with obvious negative outputs. 
 The precise moment when alfalfa is to be harvested constitutes the decisive factor 
that influences the quality of the yield. The growth stage at harvesting influences the quantum 
of the forage production and its quality (Pecetti L. et al., 2001; Pop I.M. et al., 2009; Rimi F. 
et al., 2010). 
 
MATERIALS AND METHODS 
 
 The research were conducted in the year 2011 within the Ezareni farm (47°05'-47°10' 
north latitude and 27°28'-27°33' east longitude) that belongs to the research facility of the 
University of Agricultural Sciences and Veterinary Medicine from Iasi. The soil is a cambic 
chernozem (Tab. 1). 
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Tab. 1 
Physico-chemical characteristics of the soil 
 
horizon 
Clay 
(<0,002) 
pH 
Humus 
(%) 
Nt 
(%) 
P-Al 
(ppm) 
K mobile 
(ppm) 
Ca exch. 
(me) 
Ap 0-20 
cm 
41.8 6.68 2.24 0.178 26.00 242 15.21 
Atp 20-28 
cm 
38.8 6.78 2.40 0.149 10.43 178 15.38 
 
 The research was focused on the influence of inoculation, fertilization and plant 
growth stage at harvest onto the leaf/shoot ration and D.M. yield at the alfalfa crop (Medicago 
sativa L.) in the second year after sowing, first cut. The experimental design was a trifactorial 
split plot design 2x4x6, arranged as subdivided plots in three replicates. The plot harvested 
area was 10 sq. Meters (2m x 5m).  
 The factors that were studied were: factor A – inoculation with two graduations (a1 
without seed inoculation, a2 with seed inoculation); factor B – fertilization with four 
graduations (b1 -unfertilized, b2 -N50P50, b3 -N75P50, b4 -30 t/ha manure); factor C – plant 
growth stage at harvest with six graduations early bud (c1), mid bud (c2), late bud (c3); early 
bloom (c4), 10% bloom (c5) and full bloom (c6) (Ball S.T., 1998; Mueller S.C. and Teuber 
L.R., 2007). Plant height was measured at harvesting by measurements of plants located at the 
same place of each plot. The leaf/shoot ratio was determined by separating the petiole, lamina, 
buds and flowers from the shoot, weighing them separately and calculating the ratio by 
weight. The forage yield was determined by weighing green plants harvested from an area of 
10 sq m. The dry matter content was determined by drying plant samples at a temperature of 
105 ºC for three hours. Leaf and shoot yields were calculated using the leaf/shoot ratio. The 
biological material used was represented by Sandra alfalfa variety (F 660-94) registered in 
2003 to I.N.C.D.A. Fundulea (Schitea Maria and Martura T., 2004). The inoculation of seeds 
was done 1 hour before seeding selected strains of Rhizobium meliloti Dangeard. The manure 
had the following chemical composition: nitrogen-0.445%, P2O5-0,212% and K2O-0,695%. 
 The fertilization was done at the seedbed preparation. Harvesting was done using the 
motocultivator Bertoloni 411 at a height of 7 cm. The results were statistically analyzed by 
the analyses of variance and limit differences. We also determined the correlation equations 
and the significance of the square regression between harvesting growth stage and the yield of 
leaves, shoots and entire plants. 
 
RESULTS AND DISCUSSIONS 
 
 The interaction between seed inoculation, fertilization and harvesting growth stage 
determined yield increases in the range of 23-110%. The experimental variant a1b1c1 without 
inoculation, harvested at early bud (control plot) registered the lowest yield, 3.21 t/ha D.M., 
and the highest yield (6.72 t/ha D.M.) was obtained at the variant a2b3c5 with seed inoculation, 
fertilized with N75P50, harvested at mid bloom. All differences in yields were positive, distinct 
and very significant, except the variant a2b1c1 where the yield difference was not significant 
(Tab. 2). 
 The efficiency of seed inoculation at alfalfa is conditioned by numerous factors, such 
as pedo-climatic conditions, cultivar and inoculum strain, but most importantly the soil (soil 
structure, soil pH, chemical composition, especially calcium, and the presence of the bacteria 
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in the soil). It is well known the reduced efficiency of seed inoculation at alfalfa on 
chernozem soils. (Kuykendall L.D. et al., 1999; Delić D. et al., 2007; Moga I. et al., 2007). 
 The results demonstrate that seed inoculation had a insignificant influence on D.M. 
yield within the entire plant and shoots (Fig. 1). Inoculation had contributed distinctly 
significant to the increase of DM yield at leaves and indirectly to the improvement of forage 
quality due to the fact that protein content in leaves is at least double than in shoots Fig. 2, 3, 
4). Our data confirms the results obtained by other (Dragomir Carmen and Moisuc A., 2007; 
Kanižai Gabriella et al., 2007). 
Tab. 2 
The influence of interaction inoculation x fertilization x harvesting growth stage 
 
Indicator 
Total DM 
yield 
(t ha
-1
) 
Diff. 
(t ha
-1
) 
Diff 
(%) 
Signifi-
cance 
Total DM 
yield 
(t ha
-1
) 
Diff. 
(t ha
-1
) 
Diff 
(%) 
Signifi-
cance 
Variant a1-without inoculation a2-with inoculation 
b1-N0P0 
c1 3.21 Control 100 - 3.33 0.12 104   
c2 3.95 0.74 123 ** 4.16 0.95 130 *** 
c3 4.36 1.15 136 *** 4.54 1.34 142 *** 
c4 5.28 2.07 165 *** 5.50 2.29 172 *** 
c5 5.54 2.34 173 *** 5.68 2.47 177 *** 
c6 5.74 2.53 179 *** 5.79 2.59 181 *** 
b2-
N50P50 
c1 4.54 1.33 142 *** 4.69 1.49 146 *** 
c2 5.57 2.36 174 *** 5.87 2.66 183 *** 
c3 5.92 2.71 185 *** 6.14 2.93 191 *** 
c4 6.00 2.80 187 *** 6.33 3.13 198 *** 
c5 6.19 2.99 193 *** 6.36 3.15 198 *** 
c6 6.34 3.13 198 *** 6.34 3.13 198 *** 
b3-
N75P50 
c1 4.86 1.66 152 *** 4.93 1.72 154 *** 
c2 5.99 2.78 187 *** 6.26 3.05 195 *** 
c3 6.35 3.15 198 *** 6.52 3.32 203 *** 
c4 6.39 3.19 199 *** 6.66 3.45 208 *** 
c5 6.57 3.37 205 *** 6.72 3.51 210 *** 
c6 6.57 3.37 205 *** 6.70 3.50 209 *** 
b4- 
30 
 t ha
-1 
manure 
c1 4.38 1.18 137 *** 4.68 1.47 146 *** 
c2 5.66 2.45 177 *** 5.78 2.58 180 *** 
c3 5.90 2.69 184 *** 6.03 2.82 188 *** 
c4 6.08 2.87 190 *** 6.12 2.92 191 *** 
c5 6.21 3.00 194 *** 6.23 3.02 194 *** 
c6 6.29 3.08 196 *** 6.25 3.04 195 *** 
LSD 
5% 0.29       0.29       
1% 0.45    0.45     
0,1% 0.89       0.89       
 Fertilization has manifested a very significant influence onto DM yield within entire 
plants and shoots (Fig. 1, 2, 3, 4). In the case of leaves DM yield we observed that organic 
fertilization had the highest contribution of all three fertilization variants, confirming the 
results obtained by other researchers (Koenig R.T. et al., 1998; Grander E.H. et al., 2000). 
 During different stages of growth alfalfa plants increase DM mass regarding the 
entire plant and shoots. The DM yield of leaves grows until late bud-early bloom afterwards it 
slows down (Fig. 1, 2, 3, 4). Once that first flowers appears, the leaves from the upper part of 
stems dries and fall. This phenomenon has a direct influence the quality of the forage. Thus, 
the later the plants are harvested, the lower leaves DM yields will be, and the forage quality 
will be inferior. 
 The interaction between inoculation, fertilization and harvesting growth stage has 
determined differences of the leaves/shoots ratio in the range of +11% to -42%. (Tab. 3). 
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Fig. 1 The influence of inoculation, fertilization and harvesting growth stage onto total DM yield 
 
Tab. 3 
The influence of innoculation, fertilization and harvesting growth stage onto leaves/shoots ratio 
 
Indicator 
Leaves/s
hoots 
ratio 
Diff.  
Diff. 
 (%) 
Signifi-
cance 
Leaves/s
hoots 
ratio 
Diff.  
Diff. 
 (%) 
Signifi-
cance 
Variant a1-Nebacterizat a2-Bacterizat 
b1-N0P0 
c1 0.57 Control 100 - 0.57 0.00 100   
c2 0.50 -0.07 87 ° 0.55 -0.02 96  
c3 0.52 -0.05 91  0.64 0.06 111  
c4 0.53 -0.04 92  0.53 -0.04 93  
c5 0.40 -0.17 70 °°° 0.42 -0.15 74 °°° 
c6 0.40 -0.18 69 °°° 0.39 -0.19 67 °°° 
b2-
N50P50 
c1 0.51 -0.06 89  0.46 -0.11 80 °° 
c2 0.46 -0.11 81 °° 0.47 -0.11 81 °° 
c3 0.46 -0.11 80 °° 0.53 -0.05 92  
c4 0.47 -0.10 82 °° 0.44 -0.13 77 °° 
c5 0.38 -0.19 66 °°° 0.37 -0.20 65 °°° 
c6 0.36 -0.21 63 °°° 0.35 -0.23 60 °°° 
b3-
N75P50 
c1 0.45 -0.12 79 °° 0.49 -0.09 85 ° 
c2 0.41 -0.16 72 °°° 0.45 -0.13 78 °° 
c3 0.37 -0.20 65 °°° 0.51 -0.07 88 ° 
c4 0.39 -0.19 67 °°° 0.45 -0.13 78 °° 
c5 0.38 -0.20 66 °°° 0.37 -0.21 64 °°° 
c6 0.33 -0.24 58 °°° 0.34 -0.23 59 °°° 
b4- 
30 
 t ha
-1 
manure 
c1 0.63 0.05 109  0.57 0.00 100  
c2 0.54 -0.04 94  0.59 0.01 102  
c3 0.47 -0.11 81 °° 0.62 0.04 107  
c4 0.48 -0.09 84 °° 0.46 -0.11 80 °° 
c5 0.41 -0.17 71 °°° 0.42 -0.15 74 °°° 
c6 0.39 -0.18 68 °°° 0.37 -0.20 65 °°° 
LSD 
5% 0.07    0.07       
1% 0.10    0.10     
0,1% 0.15    0.15       
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Fig. 2 The influence of inoculation, fertilization and harvesting growth stage onto leaves/shoots ratio 
 
Tab. 4 
The influence of inoculation, fertilization and harvesting growth stage leaves production 
 
Indicator 
DM leaves 
production 
(t ha
-1
) 
Diff. 
(t ha
-1
) 
Diff. 
(%) 
Signifi-
cance 
DM leaves 
production 
(t ha
-1
) 
Diff. 
(t ha
-1
) 
Diff. 
(%) 
Signifi-
cance 
Variant a1-without inoculation a2-with inoculation 
b1-N0P0 
c1 1.17 Control 100 - 1.21 0.04 103  
c2 1.32 0.15 112  1.47 0.30 126 ** 
c3 1.49 0.32 128 ** 1.77 0.60 151 *** 
c4 1.83 0.66 156 *** 1.92 0.75 164 *** 
c5 1.59 0.42 136 *** 1.69 0.52 144 *** 
c6 1.63 0.46 139 *** 1.61 0.44 138 *** 
b2-
N50P50 
c1 1.54 0.37 132 *** 1.47 0.30 126 ** 
c2 1.76 0.59 150 *** 1.86 0.69 159 *** 
c3 1.87 0.70 160 *** 2.12 0.95 181 *** 
c4 1.92 0.75 164 *** 1.94 0.77 166 *** 
c5 1.70 0.53 145 *** 1.72 0.55 147 *** 
c6 1.69 0.52 144 *** 1.63 0.46 139 *** 
b3-
N75P50 
c1 1.51 0.34 129 *** 1.60 0.43 137 *** 
c2 1.75 0.58 150 *** 1.94 0.77 165 *** 
c3 1.72 0.55 147 *** 2.19 1.02 187 *** 
c4 1.78 0.61 152 *** 2.05 0.88 175 *** 
c5 1.80 0.63 154 *** 1.81 0.63 154 *** 
c6 1.65 0.48 141 *** 1.70 0.53 145 *** 
b4- 
30 
 t ha
-1 
manure 
c1 1.69 0.52 144 *** 1.71 0.53 146 *** 
c2 1.98 0.81 169 *** 2.12 0.95 181 *** 
c3 1.88 0.70 160 *** 2.31 1.14 197 *** 
c4 1.97 0.80 169 *** 1.95 0.78 167 *** 
c5 1.79 0.62 153 *** 1.86 0.69 159 *** 
c6 1.77 0.60 151 *** 1.72 0.55 147 *** 
LSD 
5% 0.15       0.15       
1% 0.20    0.20     
0,1% 0.37       0.37       
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Fig. 3 The influence of inoculation, fertilization and harvesting growth stage onto leaves DM yield 
 
 At the variant a2b1c3 with inoculation, unfertilized, harvested at late bud we obtained 
the best leaves/shoots ratio, 0.64, and the lowest ratio (0.33) was registered at the variant 
a1b3c6 without inoculation, fertilized with N75P50, harvested at full bloom. Results showed that 
the interaction between inoculation, fertilization and harvesting growth stage lead to 
production increases in the range of 12-97%. The control plot (a1b1c1 – without inoculation, 
unfertilized, harvested at early bud) had obtained the lowest leaves yield, 1.17 t/ha DM, and 
the highest yield (2.31 t/ha DM) was obtained at the variant a2b4c3 with inoculation, fertilized 
with 30 t/ha manure, harvested at late bud. In this case, also, the yield differences were 
distinct and very significant, except the variant a2b1c1 where the difference had no significance 
(Tab. 4). 
 Analyzing the influence of the interaction between inoculation, fertilization and 
harvesting growth stage onto shoots yield, we observed that yield increases were ranged 
between 29-146%. 
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Fig. 4  The influence of inoculation, fertilization and harvesting growth stage onto shoots DM yield 
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 At the control plot (a1b1c1 - without inoculation, unfertilized, harvested at early bud) 
was obtained the lowest yield, 2.04 t/ha DM, and the highest shoots production 5.01 t/ha DM 
was obtained at the variant a2b3c6 with inoculation, fertilized with N75P50, harvested at full 
bloom (Tab. 5) 
 All yield differences were distinct and very significant, except the variant a2b1c1, 
where the difference was insignificant. 
Tab. 5 
The influence of the interaction between inoculation x fertilization x harvesting growth stage 
onto shoots yields 
 
Indicator 
Shoots 
yields DM 
(t ha
-1
) 
Dif.  
(t ha
-1
) 
Diff. 
(%) 
Signifi-
cance 
Shoots 
yields DM 
(t ha
-1
) 
Dif.  
(t ha
-1
) 
Diff. 
(%) 
Signifi-
cance 
Variant a1-without innoculation a2-with innoculation 
b1-N0P0 
c1 2.04 Control 100  2.12 0.09 104  
c2 2.63 0.60 129 ** 2.69 0.66 132 ** 
c3 2.86 0.83 141 ** 2.77 0.74 136 ** 
c4 3.45 1.42 170 *** 3.58 1.55 176 *** 
c5 3.95 1.92 194 *** 3.99 1.95 196 *** 
c6 4.11 2.07 202 *** 4.18 2.14 205 *** 
b2-
N50P50 
c1 3.01 0.98 148 *** 3.22 1.18 158 *** 
c2 3.81 1.77 187 *** 4.01 1.97 197 *** 
c3 4.05 2.01 199 *** 4.02 1.98 197 *** 
c4 4.09 2.05 201 *** 4.39 2.36 216 *** 
c5 4.49 2.45 221 *** 4.64 2.60 228 *** 
c6 4.65 2.61 228 *** 4.70 2.67 231 *** 
b3-
N75P50 
c1 3.35 1.32 165 *** 3.33 1.29 163 *** 
c2 4.24 2.20 208 *** 4.32 2.29 212 *** 
c3 4.64 2.60 228 *** 4.33 2.29 213 *** 
c4 4.61 2.58 227 *** 4.61 2.57 226 *** 
c5 4.77 2.74 234 *** 4.91 2.88 241 *** 
c6 4.92 2.89 242 *** 5.01 2.97 246 *** 
b4- 
30 
 t ha
-1 
manure 
c1 2.70 0.66 132 *** 2.98 0.94 146 *** 
c2 3.68 1.64 181 *** 3.66 1.62 180 *** 
c3 4.02 1.98 197 *** 3.78 1.74 185 *** 
c4 4.11 2.07 202 *** 4.24 2.20 208 *** 
c5 4.41 2.38 217 *** 4.37 2.34 215 *** 
c6 4.52 2.48 222 *** 4.64 2.61 228 *** 
LSD 
5% 0.27       0.27       
1% 0.43    0.43     
0,1% 0.85       0.85       
 
 The correlation between harvesting growth stage and DM yield of the entire plants, 
shoots and leaves  (Fig. 5) is statistically assured (distinct significant in the case of entire 
plants and shoots yields, and significant only in the case of leaves yields). Results obtained 
during the study are similar to many other from this field (Popović S. et al., 2001; Petcu Elena 
et al., 2007; Homolka P. et al., 2008). 
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Fig. 5 Correlation between different harvesting growth stages 
and the production of leaves, shoots and entire plants 
 
CONCLUSION 
 
 Results showed that seed inoculation had influenced distinct significant leaves yields, 
however the increase of shoots and entire plants yields were not statistical significant. 
 Fertilization had a positive influence onto DM yield of entire alfalfa plants and 
shoots. Fertilization was the factor that contributed the most to the increase of leaves yields. 
 During different stages of  growth alfalfa plants increase DM mass regarding the 
entire plant and shoots. The DM yield of leaves grows until late bud - early bloom afterwards 
it slows down. 
 The correlation between harvesting growth stage and Dm yield of the entire plants, 
shoots and leaves is statistically assured, distinct significant in the case of entire plants and 
shoots yields, and significant only in the case of leaves yields. 
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